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contained  herein,  nor  does  either  warrant  or  otherwise  represent  in 
any  way  the  accuracy,  adequacy,  efficacy,  or  applicability  of  the 
contents  hereof. 


TOPICS 


An  objective  of  the  Live-Fire  Testing  and  Evaluation  (LFT&E)  program  is  to  assure  that 
battle  damage  tolerance  and  control  for  crew-carrying  combat  systems  is  known  and  acceptable. 
Another  objective  of  the  LFT&E  program  is  to  assure  that  the  lethality  of  conventional 
munition  warheads  against  intended  targets  is  known  and  acceptable.  These  objectives  are 
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1  J.F.  O’Bryon,  "The  Role  of  Live  Fire  Testing  in  the  Acquisition  Process”,  I  TEA  Journal 
of  Test  and  Evaluation,  Vol  X  (1989)  No.  2,  p.  16. 


WHAT  IS  WEAPON  SYSTEM  LFT&E  ? 
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LFT  DIRECTOR’S  MISSION  RESPONSIBILITIES 
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targets/  munitions  for  LFT&E  purposes 


OSD  directions  to  the  DoD  components  for  conducting  an  LFT&E  program  were  first 
published  in  May  1987  as  Draft  Live  Fire  Test  and  Evaluation  Guidelines .  The  Draft 
Guidelines  contained  instructions  for  developing  an  LFT&E  strategy  and  for  writing  LFT&E 
plans;  the  OSD  oversight  role  was  also  described.  A  final  version  of  the  Guidelines  was 
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LFT&E  POLICY/PROCEDURES  REFERENCES 


Q 

CO 

O 


x 


®  CO 


c 

o 

co 

_3 

<0 

> 

111 


(0 

£ 

0) 


c 

3 


CO 

0) 

o 


I 

<u 

>00 
r1  00 
-  c 

O  3 

E  “3 

CD  T- 


0)  o 

Q- 

3 

0  c 

CD 

C  E 

.E  cd 
c  o> 
c  «o 
co  c 

-  CO 
2 
W  c 

x  - 

CO 


CO 


■O 

c 

co  r 

§  £ 

.2  tj 

2  « 

c  .E 

4)  *4- 

E  w 

3  o 

O  O) 

C  0 

o  . 


00 

00 

> 

o 


CD 


CO 

<u  ® 


®“S 

2< 

5  ® 

CO 

^  c 

0) 


O  -  CO 

8“  r 

3  O 
Q-  U  Q 
CD  o  0) 

0  <  DC 


E  ® 

if 

LU 

H 


co 
0) 

l*~  Q 
<u  • 

•—  04 


UL 

a> 

> 


o 

o 

o 

LO 


*  -  CD 
CO  CO 
®  c 
E;  a) 

■J  H— 

T5  a> 

SP  « 

2s_ 

n  cm  IE 

6 
o 
o 
0 


c 

CD 

E 

CD 

cn 


c 

CO 


CD 

■a 

’3 

0 

c 

o 

+* 

CO 

_3 

CO 

> 

LU 

T> 

C 

c0 

co 


© 

ao  i 

•4~ 

O  CO 

o-S 
*  _ 
co*  ® 

4)  C 

35 

"S  O 

o  o> 
2  * 
“■5 

■O 

c  « 

®  >; 
>  O 

o  — 
ir  o 
a. 


T3 

C 

CO 

CO 

£ 

CD 


CD 

> 


CD 

TO 

3 

0 

> 

E 


o 

CL 

C 

o 


a: 

< 


Q  Q  Q  Q 

0  0  o  O 

O  O  a  a 


OJ 

i 

o 

d- 

E 

co 

DL 

< 

a 


c 
o 

CQ 

co  ^ 

3  5 

CJ  UJ 

o 

co  co 

E  ~ 

CD  CO 

*-  Q) 

Px 

1-  X 


O  C 

7  < 

o  * 

h-  * 


o 

CD 


-  o> 

O  3 


_  O 
CD  O  _ 
<  JO  < 

CD  "2  *  _ 

2  «  c 

x  .2 


jo 

a' 

CD 


CO 

3 


0 

N. 


X  X 
<  < 


00  -=  CO 
•—  LU  > 
J  HID 

UJ 

f— 

i 

0 

o 

< 

a 


>* 

§i 


'll 

r  « 

w  3 

3  5 

CT  > 
O  UJ 

^  TJ 

E  g 

CD 

CO  CO 
>  4) 

0  F* 

»  ■ 

m  o 

T  O 
O  T 

o  O 

o  CO 
LO  CD 

I—  ” 

0  t- 


■O 

c 

CO 

CO 

E 

CD 

CO 

0  X 

o  2 
o  X3 

O  CO 

4—  .E 

CO  •*- 
3  w 


CD 

© 

a 

CD 

CD  0 

r-~ 

c 

3 


CO 

> 

LU 

■O 

c 

CO 


CO 

a 

o 

O 


CD 
OJ  c 
C  ‘i_ 

to 

CO  2 

a) 


_  0 

§1 
z  < 
OZ 

UJ  X 

0  O 


0  «- 

i-  c 

O  ® 

°  £ 

o  .9- 

0  3 
CT 
CD  XI 
TJ 


o 

0 

0 


UJ 

o 

tr 

Ol 

Ll- 

CC 

<1 


c 

CD 

E 

a. 

-5© 
®  © 

®  > 
Q  o 
■oZ 

c  i 

co  c“ 

-C  2 
o  +- 

CO  3 
CD  — 
CO  ® 

cr  0 

®  ? 

2  « 

±|2 

< 


E 

co 

k-  _ 

O)  o 

O  O) 

k- 

a  -Q 

CD 

>X 


5  E 
co  ® 
•>  co 
>  > 
0 

»§ 

CO  ” 

i  • 

*-  3 
co  cr 
^  o 
0  < 
a>  <d 


©  T~ 

0  A 
i  o 

o  o 

©  © 

X  X  X  X 
X  X  X  X 
<  <  <  < 


o  o 
©  © 


OSD  procedural  instructions  specify  that  "Heads  of  DoD  Components  may  issue 


Management  Agency  (TEMA) ,  August  1990 


LFT&E  MANAGEMENT  CHAINS 

ARMY  NAVY  AIRFORCE 


important  for  mission  success  of  an  LFT-eligible  platform  or  munition. 


ELEMENTS  OF  LFT&E  PROCESS 


Technical  vulnerability  or  lethality  performance  goals ,  as  well  as  thresholds  of  minimum 
acceptable  performance ,  are  prescribed  in  Annex  B  of  the  weapon  platform  or  munition  Decision 
Coordinating  Paper  (DCP) .  These  desired  and  required  technical  objectives  are  the  basis  for 


vulnerability  or  lethality  capabilities  and  the  LFT&E  portion  or  cne  iEnr.  wicnoui:  mai. 
linkage  the  correspondence  between  LFT&E  results  and  design  expectations  can  be  verified,  but 
the  relationship  of  LFT&E  results  to  requisite  battlefield  performance  can  only  be  inferred. 


LFT&E  is  paced  by  the  availability  of  hardware  and  typically  occurs  during  the 
transition  phase  between  development  and  production.  Since  development  baseline  objectives 
defined  in  i  platform  or  munition  DCP  must  be  attained  before  the  baseline  can  be  re-defined 
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GROUND  VEHICLE  KILL  CATEGORIES 


8  See  Robert  E.  Ball,  The  Fundamentals  of  Aircraft  Combat  Survivability  Analysis  and 
Design  (New  York:  AIAA,  1985),  p.144  for  an  example  of  a  disablement  diagram. 
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Ammunition  fratricide 


A  vulnerability  frequency-of -occurrence  for  a  weapon-carrying  ground  vehicle  function 
is  usually  denoted  as  PK  a  probability  of  kill  stemming  from  a  hit  on  the  vehicle.  PK 
signifies  the  vulnerability  performance  revealed  by  a  COEA  to  be  the  characteristic  result 
of  many  attacks  on  many  platforms.  Accordingly,  the  vulnerability  performance  capability 
desired  from  a  weapon  platform  when  fielded  is  usually  specified  with  PK  requirements.9  PK 
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9  Examples  of  other  metrics  that  have  been  used  are  ballistic  limit  velocity  t 
prescribe  percentile  defeat  of  a  specific  fragmentation  threat  at  a  specified  standof 
detonation  point  and  prescription  of  an  optical  density  for  eye-safe  attenuation  of 
specific  laser  fluence  at  a  named  wavelength. 


LFT  VULNERABILITY  ASSESSMENT  REPORT 

Format  of  Ground  Vehicle  Test  Results 


A  sea  vehicle  assessment  is  quite  different  from  the  land  vehicle  assessment  described 
in  the  last  section,  although  categories  of  kill  applicable  to  sea  warfare  surface  vehicles 
are  like  those  applicable  to  land  warfare  surface  vehicles.  The  definitions  of  criteria  for 


Reported  in  OPNAVINST  C3501.66B,  Definition  of  Combat  Readiness  Levels ,  26  June  1979. 
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13  Dr.  P.J.  Gates,  Surface  Warships:  An  Introduction  to  Design  Principles ,  (London: 
Brassey’s  Defence  Publishers,  1987),  p.  170. 
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Munition  magazine  mass  detonation 
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Hull  break-up 


Although  a  detailed  plan  exists  for  conducting  LFT&E  of  a  guided  missile  destroyer,  the 
Component  has  not  yet  had  to  report  the  outcome  of  LFT&E  for  this  warship .  When  the 
does  make  a  report,  its  conclusions  will  very  likely  be  in  the  form  of  a  net  assessment 
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TACTICAL  AIRCRAFT  KILL  CATEGORIES 
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TACTICAL  AIRCRAFT  FAILURE  MODES 
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LFT  VULNERABILITY  ASSESSMENT  REPORT 

A  Multi-Level  Format  for  Tactical  Aircraft 
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BURST  DISTANCE 

(b)  Pk  Format 


probe  the  vulnerabilities  of  all  LFT&E-eligible  platforms.  This  generic  methodology 
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capability.  This,  in  turn,  proscribes  the  limits  of  technical  techniques  for  reducing  a 
platform’s  vulnerability  to  moderately  overmatching  threats  and  focuses  the  thinking  of 
tacticians  who  are  developing  procedures  about  "how-to-fight"  the  platform. 


A  thorough  assessment  of  a  weapon  platform’s  vulnerability  is  a  significant  task,  since 
,e  due  to  attacks  from  different  directions  at  various  standoff  distances  must  be 


VULNERABILITY  ASSESSMENT  MODELS 


system-level  and  component,  sub-system  component  and  aircraft 

component  PKs,  PKdf  and  system  out-of-action  vulnerable  areas  (PKs) 
(SQuASH),  repair  times  probabilities  vs.  #  hits  and  ‘repair  times 

(threat  WF  from  SUBWHIP) 


Analytic  assessments  of  all  types  of  platforms  reflect  the  imperfect  match  between 
complex  reality  and  simplified  assumptions.  Assumptions  inevitably  lag  the  state  of  real 


modeling  Is  highly  useful,  designs  must  always  be  verified ,  to  some  extent,  with  testing  and 


SOME  PROBLEMS  OF  ANALYSIS 

LFT  Vulnerability  Modeling 
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All  vulnerability  assessments  are  being  created  from  comparable  building  blocks  of 
activities ,  regardless  of  the  type  of  weapon  platform  being  assessed^  These  activities  are 
identified  on  the  chart  that  accompanies  this  text}  they  may  be  performed  during  the  course 


FLOW  OF  TYPICAL  VULNERABILITY  ASSESSMENT 
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Live  Fire  Test  and  Evaluation  (LFT&E)  Planning  Guide ,  OSD  Live  Fire  Testing  Office, 


Another  means  of  putting  vulnerability  performance  into  perspective  is  to  consider  the 
relative  dependency  on  each  function  during  each  operational  role  that  a  weapon  platform 
would  be  required  to  fulfill  while  performing  a  typical  combat  mission.  Most  single-mission 
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1B  Live  Fire  Testing  Damage  Assessment  Methodology  (U),  SECRET  technical  report  prepared 
the  DoD  Live  Fire  Test  Office  by  Wackenhut  Applied  Technologies  Center,  April  1990. 


LFT&E  VULNERABILITY  WEIGHTING 

Function  Dependancy  Distribution 


HITS 


rH  CD  CO  P 

.H  p  <u  to 

*h  «  o  a> 


2  d  p 

•>  <u 


a»  >  M-t 

a.  co  o 


6 

X3 

O 

P 

c 

0) 

P 

d 

o 

p 

3 

M-l 

O 

X) 

o 

P 

a) 

CD 

S 

ccs 

T“» 

60 

CCS 

rH 

-Q 

CIS 

CD 

O. 

3 

P 

CD 

CD 

X 

M-l 

> 

P 

o 

CO 

CCS 

S 

0 

as 

CD 

<D 

P 

0. 

p 

•rl 

> 

C3 

P 

ccS 

rH 

CCS 

d 

<d 

X! 

B 

0 

CD 

5 

CD 

•H 

> 

o 

•rl 

p 

d 

M-l 

P 

as 

P 

P 

0 

o 

CD 

rH 

O. 

rH 

CIS 

a. 

o 

p 

O 

ccs 

P 

O 

M-i 

d 

•rl 

X3 

a. 

CD 

p 

P 

X) 

p 

X) 

ccS 

CCS 

ccs 

a) 

O 

B 

XS 

p 

p 

d 

CD 

0) 

o 

CD 

X 

XS 

P 

O 

O 

o. 

CD 

p 

X 

3 

•k 

can 

0) 

CD 

5 

CD 

•H 

> 

P 

M-l 

X 

O 

T — 1 

CD 

> 

o 

CD 

•H 

CO 

d 

o 

i — 1 

P 

,£j 

CCS 

d 

ccS 

d 

p 

O 

CCS 

CD 

•rl 

aS 

CD 

P 

O 

P 

M-l 

O 

CO 

r — 1 

O 

d> 

c 

P 

p 

P 

•H 

d 

X 

X) 

CD 

• 

60 

60 

6 

C 0 

•H 

CD 

4J 

CD 

d 

CD 

o 

5 

•H 

CD 

*r4 

i-H 

CD 

<D 

•P 

CO 

M-l 

X 

> 

<d 

p 

CCS 

P 

d 

o 

o 

P 

a. 

■H 

rH 

p 

CD 

ccS 

o. 

P 

tH 

<u 

•rH 

rH 

X 

X 

•H 

p 

CCS 

XI 

p 

P 

CD 

d 

CCS 

p 

o 

d 

CD 

<D 

rH 

CD 

d 

rH 

3 

rH 

M-l 

> 

3 

re 

CJ 

ccS 

> 

• 

P 

s 

p 

T3 

P 

S 

cc$ 

CD 

ccS 

0 

-d 

CD 

M-l 

p 

CD 

P 

P 

CD 

CD 

ccS 

CD 

CD 

o 

rH 

<D 

CD 

e 

a 

d 

CCS 

*rl 

CD 

CD 

rH 

60 

X 

CD 

P 

d 

p 

CD 

0 

-rl 

CD 

d 

CD 

O 

CD 

CD 

-O 

P 

CCS 
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Historical  Combat  Data  Distribution 
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Munitions  designed  to  detonate  in  proximity  to  a  target  propagate  energy  stored  in  the 
warhead  by  means  of  blast  and  ballistic  fragments.  Warhead  energy  is  transferred  more 
efficiently  for  greater  distances  by  fragments  than  by  blast,  but  the  energy  can  only  be 


damage  estimation,  since  damage  mechanisms  and  kill  criteria  for  foreign  target  componen 
aren’t  usually  known.  Target  losses-of-function  are,  in  turn,  estimated  by  attributing 
collective  impact  to  the  damage  estimates  for  all  components  involved  in  each  function. 
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SOME  PROBLEMS  OF  ANALYSIS 

LFT  Lethality  Modeling 
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DAMAGE/CASUALTY  DATA  SOURCES 


LFT &E-RELATED  ELEMENTS  OF  RDA  CYCLE 


MODEL  DESCRIPTIONS 


by  SLAVE,  VAST,  or  SQuASH. 


SLAVE  (Simple  Lethality  And  Vulnerability  Estimator)  -  Uses  spall  cone/ shotline  data 


location  over  a  small  area  while  stochastically  varying  warhead  performance,  residual 
penetrator  deflection,  the  statistics  of  spall  generation,  and  the  component  Pk/hs.  Termed 
a  stochastic,  point-burst  class  of  model,  since  it  attempts  to  account  for  the  physical 


SURFACE  SHIPS 


randomly  selected  air  trajectory  and  underwater  hit /burst  points  are  tallied  to  determine 
kill  probabilities.  Procedure  is  repeated  until  a  statistically  significant  number  of  trials 
have  been  done.  Out-of-action  probabilities  are  then  determined  as  the  ratio  of  the  number 


00 

00 


testing  ships  in  a  similar  weight  class. 


TACTICAL  AIRCRAFT 


probabilities  and  computes  component  vulnerable  areas  for  each  grid  cell  having  a  shotline 
passing  into  the  component.  Suras  component  vulnerable  areas  to  determine  FW  or  RW  aircraft 
vulnerable  areas.  Can  account  for  critical  component  overlap.  Suitable  for  non-explosive 


HISTORICAL  DAMAGE/CASUALTY  DATA  SOURCES 
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Southeast  Asia  1965  -  1973  Carrier  Aircraft  Loss/Cause  CNA 

Southeast  Asia  -  Fixed  Wing  ACFTDAB  SURVIAC 

Southeast  Asia  -  Rotary  Wing  HELODAB  SURVIAC 

Panama  -  FW/RW  1989  JUST  CAUSE  SURVIAC 


